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1
SEMICONDUCTOR MEMORY TEST DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a semiconductor inte-
grated circuit device capable of performing a burn-in test of
a memory using a memory seli-test circuait.

2. Description of the Related Art

Conventionally, 1n a burn-in test of a memory with an
embedded system LSI, in order to achieve a burn-in test of
both of the memory and a logic circuit at the same time and
cope with limitation of the controllable number of terminals
in a j1g used for burn-in, measures for reducing the number
of terminals used for memory control have been made.

For example, as disclosed in Japanese Patent Publication
Laid-Open No. 11-260096 (Reference No. 1), test data, an
address, and a memory control signal required for a test of
the memory are generated using a frequency dividing output
signal of an address generation circuit which 1s a frequency
divider of an external clock, and a pass/fail signal of a test
result 1s produced as a pass/fail judgment flag signal, thereby
enabling a test of a memory macro with two pins of the
combined use of an mput pin and an output pin, and enabling
a simultaneous test of a memory section and a logic circuit
section at the time of a burn-in test.

However, 1n a burn-in test of the memory circuit disclosed
in the above Reference No. 1, a generation circuit for
generating test data, an address signal, and a memory control
signal required inside the memory as a test circuit, and a
pass/fail signal judgment circuit of the test result are
required, so that 1t has a technical problem that a circuit area
of a memory section increases due to a test circuit section
which 1s not directly related to an actual operation of the
memory.

In the meanwhile, with an 1mprovement 1n speed of a
memory section and an increase in the number of memory
macros mounted in one chip 1n recent years, a request for
implementation of an at-speed test, a reduction in the
number of external terminals, or the like has been increased.
Therefore, 1n order to satisty the request described above, a
system L.SI which mounts a functional circuit (memory
BIST (Built In Self Test) circuit) for performing a seli-test
of the memory 1n a chip has been increased.

Generally, as the operation of the memory BIST circuit,
the memory section 1s tested with a certain specific test
pattern, and a pass/fail signal of the test result 1s produced
alter the test 1s completed, so that a pass/fail judgment of the
memory 1s performed.

As a problem that this memory BIST circuit 1s applied to
the burn-in test of the memory, the test pattern of the
memory section during the burn-in 1s included. It 1s neces-
sary to continuously provide the test pattern for the memory
section during the burn-in test of the memory. However,
since the memory BIST circuit stops the test to the memory
section after the test 1s completed, it 1s necessary to reset the
memory BIST circuit and restart the test. Specifically, 1t has
had a technical problem that a control of a reset operation
from the outside has been needed whenever the memory
BIST test has been completed, and a technical problem that
external terminals for reset control have increased 1n number
in the burn-in test of the memory.

SUMMARY OF THE INVENTION

The object of the present invention i1s to provide a
semiconductor integrated circuit device capable of reducing
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2

the number of circuits for burn-in test inside a memory
(memory macro), and achieving a reduction in a chip area by
means of utilizing a memory BIST circuit, and enabling
implementation of a burn-in test without a control of a reset
operation from the external source.

A semiconductor integrated circuit device of a first inven-
tion comprises: a memory section; a memory seli-test circuit
for testing the memory section; and a reset circuit for
resetting the memory self-test circuit, wherein the memory
seli-test circuit comprises: an address generation circuit for
generating an address of the memory section; a data pattern
generation circuit for generating a data pattern written 1n the
memory section; a control signal generation circuit which
generates a memory control signal for controlling a data
writing operation of the data pattern to the memory section
and a data reading operation of data from the memory
section corresponding to an address that the address gen-
eration circuit generates; a pass/fail judgment circuit which
compares expected value data corresponding to a data
pattern which 1s generated in the data pattern generation
circuit and 1s written 1n the memory section with output data
read from the memory section after writing the data pattern
in the memory section to judge a pass/fail of the memory
section as a non-defective unit when they are coincident or
a defective unit when they are not coincident; and a test
completion judgment circuit for judging completion of the
memory test, wherein the reset circuit reset the memory
self-test circuit 1n response to a completion judgment of a
memory test by the test completion judgment circuit.

According to this configuration, during the burn-in test,
the reset circuit resets the memory seli-test circuit in
response to a completion judgment of the memory test by the
test completion judgment circuit after starting the test of the
memory section by the memory seli-test circuit, so that the
memory seli-test circuit restarts the test of the memory
section, thereby making 1t possible to continuously test the
memory section without a reset control from the external
source. In other words, once the memory self-test circuit 1s
initiated, the test can be continuously performed during a
certain period without the control from the external source.
Thus, the burn-in test can be realized without the reset
control from the external source by means of utilizing the
memory self-test circuit, thereby making i1t possible to
reduce the number of circuits for burn-in test inside the
memory, and to achieve a reduction 1n a chip area.

A semiconductor integrated circuit device of a second
invention 1s configured such that, 1n the semiconductor
integrated circuit device of the first invention, the reset
circuit may be supplied with an external control signal,
validate a reset operation to the memory seli-test circuit
when the external control signal i1s at a first level, and
invalidate the reset operation when the external control
signal 1s at a second level.

According to this configuration, in addition to the effect of
the first invention, during execution of the continuous test of
the memory section 1n the burn-in test, the external control
signal 1s made 1n the second level, and the reset operation of
the memory self-test circuit 1s invalidated only for an
arbitrary period, so that it returns to a normal memory
seli-test circuit operation such as a test execution of the
memory section and a pass/fail judgment for the memory,
thereby making it possible to perform the pass/fail judgment
of the memory section 1n the burn-in test. In addition, the
external control signal 1s made 1n the first level again, and
the reset operation of the memory self-test circuit 1s vali-
dated, so that 1t becomes possible to return to the continuous
test operation of the memory section, thereby making 1t
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possible to monitor the pass/fail judgment of the memory
section for every arbitrary period.

A semiconductor integrated circuit device of a third
invention, 1 the semiconductor integrated circuit device of
the first invention, comprises a plurality of memory sections,
wherein each of the plurality of memory sections 1s config-
ured so as to be selected by a memory selection signal to
operate, and wherein the memory selection signal 1s gener-
ated according to an arbitrary address which the address
generation circuit i the memory seli-test circuit generates.

According to this configuration, 1n addition to the effect of
the first invention, 1n a system LSI in which the plurality of
memory sections are mounted, the memory selection signal
1s assigned to a signal which 1s obtained by decoding a
certain arbitrary memory address of the address generation
circuit 1n, for example the memory seli-test circuit, so that
the address generation circuit can be shared with each
memory section. Therefore, it 1s not necessary to prepare the
address generation circuit in the memory seli-test circuit for
every memory section, thereby making 1t possible to con-
tribute to a reduction in a chip area.

A semiconductor integrated circuit device of a fourth
invention 1s configured such that, 1n the semiconductor
integrated circuit device of the third mvention, each of the
memory sections may share an output data line of the
memory section electrically connected to the pass/fail judg-
ment circuit of the memory seli-test circuit.

According to this configuration, 1n addition to the effect of
the third invention, 1n the system LSI in which the plurality
of memory sections are mounted, each of the memory
sections shares the output data line (output data bus) of the
memory section connected to the pass/fail judgment circuit
of the memory seli-test circuit, thereby making 1t possible to
share the pass/fail judgment circuit 1n the memory self-test
circuit. Therefore, 1t 1s not necessary to prepare the pass/fail
judgment circuit for every memory section, thereby making,
it possible to contribute to a reduction 1n a chip area.

A semiconductor integrated circuit device of a fifth inven-
tion 1n the semiconductor integrated circuit device of the
third invention, wherein the plurality of memory sections
comprise at least one first memory section with input/output
data bit width of a minimum n-bit width (n 1s a positive
integer), and at least one second memory section with a bit
width larger than an n-bit width, and wherein a bit width of
an output section ol a data pattern of the data pattern
generation circuit of the memory seli-test circuit and a bit
width of an input section of output data read from the
memory section of the pass/fail judgment circuit are an n-bit
width; comprises a data width expansion circuit which
converts data of n-bit width produced from the data pattern
generation circuit into data of input/output data bit width of
the second memory section to output to the second memory
section, and a data width reduction circuit which converts
data produced from the second memory section 1nto data of
n-bit width of an input section of the pass/fail judgment
circuit to output to the pass/fail judgment circuit

According to this configuration, 1n addition to the effect of
the third invention, when the mput/output data bit width of
cach memory section 1s different, the bit width of the output
section of the data pattern generation circuit of the memory
seli-test circuit and the mput section of the pass/fail judg-
ment circuit are adjusted to the minimum data bit width n in
number, and the data width expansion circuit and the data
width reduction circuit for adjusting data width are provided
between the memory seli-test circuit and the memory sec-
tions with the mput/output data bit width larger than n-bit
width, thereby making 1t possible for the data pattern gen-
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4

eration circuit and the pass/fail judgment circuit of the
memory self-test circuit to be sharable for the plurality of
memory sections. Therefore, 1t 1s not necessary to prepare
the data pattern generation circuit and the pass/fail judgment

circuit for every memory section, thereby making 1t possible
to contribute to a reduction 1n a chip area.

A semiconductor integrated circuit device of a sixth
invention, 1 the semiconductor integrated circuit device of
the first invention, comprises: a plurality of blocks consist-
ing of the memory section, the memory self-test circuit
corresponding thereto, and the reset circuit; and an all
memory test completion detection circuit for producing a
detection signal when a completion judgment of the memory
test by the test completion judgment circuits of all memory
seli-test circuits 1s performed, wherein each reset circuit
resets the corresponding memory seli-test circuit 1n response
to a detection signal of the all memory test completion
detection circuit.

According to this configuration, in addition to the eflect of
the first invention, 1n the system LSI 1n which the plurality
of memory macros are mounted, the reset of each memory
seli-test circuit 1s not performed until the tests by all memory
seli-test circuits are completed. Therefore, since dynamic
stresses to memory cells becomes the same among respec-
tive memory sections, a burn-in test can be performed
without the necessity of changing a burn-in applying time
according to a memory capacity even in a manufacture
process where a stress degradation of the memory cell 1s
dominant.

A semiconductor integrated circuit device of a seventh
invention, 1 the semiconductor integrated circuit device of
the first invention, comprises: a plurality of blocks consist-
ing of the memory section, the memory self-test circuit
corresponding thereto, and the reset circuit; an all memory
test completion detection circuit for producing a detection
signal when a completion judgment of the memory test by
the test completion judgment circuits of all memory self-test
circuits 1s performed, wherein a completion judgment signal
of the memory test by the test completion judgment circuit
of the memory seli-test circuit of the block and a detection
signal of the all memory test completion detection circuit are
supplied for every block; and a switching circuit which
switches and outputs either of them according to an external
control signal 1s provided, wherein each reset circuit resets
the corresponding memory self-test circuit 1n response to a
completion judgment signal of the memory test by the test
completion judgment circuit outputted from the switching
circuit or a detection signal of the all memory test comple-
tion detection circuit.

According to this configuration, in addition to the eflect of
the first invention, 1n the system LSI 1n which the plurality
of memory macros are mounted, for a reset operation mode
ol each memory seli-test circuit, either of an operation for
reset upon completion of the test by all memory seli-test
circuits or an operation for reset upon completion of the test
by each memory seli-test circuit irrespective of a completion
of the test by other memory seli-test circuits 1s selectable
with an external control signal, so that burn-in operation
modes can be switched according to major factors of the
stress degradation. For example, 1n a manufacture process
where a stress degradation of the memory cell 1s dominant,
in order to make the stress to the memory cells equal among
respective memory sections, the operation for reset upon
completion of the test by all memory seli-test circuits is
selected, and when a transistor degradation of the logic
section 15 a major factor, since each memory section 1s
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needed to continuously operate, the operation for reset with
a completion signal of the test by each memory self-test
circuit may be selected.

According to the present invention as mentioned above,
the memory self-test circuit 1s utilized and the burn-in test 1s
implemented without the reset operation control from the
external source, thereby making it possible to reduce the
number of circuits for burn-in test inside the memory, and to
achieve a reduction 1n a chip area.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing an example of con-
figuring a semiconductor integrated circuit device in accor-
dance with a first embodiment of the present invention;

FIG. 2 1s a block diagram of a BIST reset control circuit
in accordance with the first embodiment of the present
invention;

FIG. 3 1s a timing chart of a BIST test 1n accordance with
the first embodiment of the present invention;

FIG. 4 1s a block diagram showing an example of con-
figuring a semiconductor integrated circuit device 1n accor-
dance with a second embodiment of the present invention;

FIG. 5 1s a block diagram showing an example of con-
figuring a semiconductor integrated circuit device in accor-
dance with a third embodiment of the present invention;

FIG. 6 1s a view showing an example of a data compres-
s1on logic 1in a data compression circuit 1n accordance with
the third embodiment of the present invention;

FIG. 7 1s a view showing an example of an interconnec-
tion of a signal connecting block in accordance with the third
embodiment of the present invention; and

FIG. 8 1s a block diagram showing an example of con-
figuring a semiconductor integrated circuit device in accor-
dance with a fourth embodiment of the present invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1l

Referring to the drawings, description will be made of
embodiments according to the present invention.

(First Embodiment)

FIG. 1 1s a block diagram of a semiconductor integrated
circuit device 1n accordance with a first embodiment of the
present invention.

In FIG. 1, reference numeral 1 represents a memory
macro, reference numeral 2 represents a memory BIST
circuit, reference numeral 3 represents a memory address
generation circuit embedded 1n the memory BIST circuit 2,
reference numeral 4 represents a memory control signal
generation circuit embedded 1n the memory BIST circuit 2,
reference numeral 5 represents a data pattern generation
circuit which 1s embedded in the memory BIST circuit 2,
produces a data pattern written 1n the memory macro 1, and
produces expected value data corresponding to the data
pattern, and reference numeral 6 represents a memory pass/
fail judgment circuit which 1s embedded in the memory
BIST circuit 2, and performs a pass/fail judgment of the
memory macro 1 based on a data comparison between
expected value data produced from the data pattern genera-
tion circuit 5 and a memory output data signal (DOUT) 25.

Reference numeral 12 represents a burn-in mode enable
signal (BI_MODE) for selecting a burn-in test mode; refer-
ence numeral 17, an external input BIST reset signal (BIS-
T_RST); reterence numeral 7, a BIST reset control circuit;

and reference numeral 11, an internal memory BIST reset
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signal (INTBIST_RST) generated by the BIST reset control
circuit 7. The BIST reset control circuit 7 generates the BIST
reset signal 11 by the BIST_RST signal 17 when the
BI_MODE signal 12 1s set to a disenable mode, and auto-
matically generates the BIST reset signal 11 according to a
BIST_DONE signal 10 in addition to the control by the
BIST_RST signal 17 described above when the BI_ MODE
signal 12 1s set to an enable mode.

Reference numeral 8 represents a BIST enable signal
(BIST_EN) which makes the memory BIST circuit 2 in a
valid state or an 1nvalid state, reference numeral 9 represents
a memory pass/fail judgment signal (BIST_GO) from the
pass/Tail judgment circuit 6, reference numeral 10 represents
a memory BIST test completion signal (BIST_DONE) for
showing that a memory BIST test 1s completed, reference
numeral 13 represents a clock signal (CLK), reference
numeral 14 represents an external input address signal
(EXT_ADR), reference numeral 15 represents an external
iput control signal (EXT_CMD), reference numeral 16
represents an external mput memory data signal (EXT-
_DIN), reference numeral 18 represents a memory address
signal (BIST_ADR) that the memory BIST circuit 2 gener-
ates, reference numeral 19 represents a memory control
signal (BIST_CMD) that the memory BIST circuit 2 gen-
erates, reference numeral 20 represents a memory data
signal (BIST_DIN) that the memory BIST circuit 2 gener-
ates, reference numeral 22 represents an address signal
(MEM_ADR) supplied to the memory macro 1 from a
selector 26, reference numeral 23 represents a memory
control signal MEM_CMD) supplied to the memory macro
1 from the selector 26, reference numeral 24 represents a
memory 1put data signal (MEM_DIN) supplied to the
memory macro 1 from the selector 26, reference numeral 25
represents a memory output data signal (DOUT), and ref-
erence numeral 27 represents a burn-in test result monitor

selection signal (BI_RESULT).

When the BIST enable signal (BIST_EN) 8 1s 1n a
disenable mode, the selector 26 selects the EXT ADR
signal 14 among the EXT_ADR signal 14 and the BIS-
T_ADR signal 18 to produce as the MEM_ADR signal 22,
selects the EXT_CMD signal 15 among the EXT_CMD
signal 15 and the BIST_CMD signal 19 to produce as the
MEM_CMD signal 23, and selects the EXT_DIN signal 16
among the EXT_DIN 81gnal 16 and the BIST_DIN signal 20
to produce as the MEM_DIN signal 24. Conversely, when
the BIST_EN signal 8 1s 1n an enable mode, the selector 26
selects the BIST_ADR signal 18 to produce as the
MEM_ADR signal 22, selects the BIST_CMD signal 19 to
produce as the MEM CMD signal 23, and selects the
BIST_DIN si1gnal 20 to produce as the MEM_DIN signal 24.

Heremafiter, description will be made of the operation of
the semiconductor integrated circuit device configured as
above.

In the case of a normal memory macro control operation,
the BIST_EN signal 8 1s set to a disenable mode at first, so
that the memory BIST circuit 2 1s set to an invalid state. In
addition, the selector 26 selects the EX'T_ADR signal 14, the
EXT_CMD signal 15, and the EXT_DIN signal 16, respec-
tively, so that the external input signal becomes valid as the
control signal of the memory macro 1. In the case of a circuit
configuration described above, since the memory BIST
circuit 2 1s an invalid state, the BI._MODE signal 12 1s not
to be cared 1n particular.

Next, 1n the case of a normal BIST test, the BIST EN
signal 8 1s set to an enable mode and the BI_ MODE signal
12 1s set to a disenable mode. In the case of above settings,
the selector 26 selects the BIST_ADR signal 18, the
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BIST_CMD signal 19, and the BIST_DIN signal 20, respec-
tively, and a BIST circuit generation signal becomes valid as
a control signal of the memory macro 1. In addition, the
BIST reset control circuit 7 performs a signal transmission
of the BIST_RST signal 17 of the external reset signal as 1t
1s to the INTBIST_RST signal 11.

In the case of a burn-in test by the memory BIST circuit
2, both of the BIST_EN signal 8 and the BI_MODE signal
12 are set to an enable mode. In the case of above settings,
the selector 26 selects the BIST_ADR signal 18, the
BIST_CMD signal 19, and the BIST_DIN signal 20 of the
BIST circuit generation signal, respectively, for the memory
macro 1, so that the BIST circuit generation signal becomes
valid as the control signal of the memory macro 1. The BIST
reset control circuit 7 also detects the BIST_DONE signal
10 for showing a BIST test completion, and automatically
generates the INTBIST_RST signal 11 to reset the memory
BIST circuit 2. Moreover, when monitoring the burn-in test
of the memory macro 1, a loop operation of the memory
BIST circuit 2 can be released by means of validating the
BI_RESULT signal 27, so that after verifying a test comple-
tion flag by the BIST_DONE signal 10, what 1s necessary 1s
to monitor the BIST_GO signal 9 and just to perform
pass/fail judgment.

Incidentally, 1n the cases of the normal BIST test and the
burn-in test, the operation of the memory BIST circuit 2
itseltf does not change, but the operation of the BIST reset
control circuit 7 changes. In a normal BIST test, the BIS-
T_RST signal 17 of an external reset signal 1s supplied as the
INTBIST_RST signal 11 as 1t 1s, so that the memory BIST
circuit 2 1s mitialized, thereby the test 1s performed. Herein,
a test execution pattern 1s programmed 1n the memory BIST
circuit 2 1n advance, and the memory BIST circuit 2 auto-
matically generates the test completion signal (BIST_DONE
signal 10 1s 1n an “H” level) after the program 1s executed.
After this, unless the BIST reset signal (INTBIST_RST
signal 11) 1s supplied, the memory BIST circuit 2 keeps a
completion state. When 1 a burn-in test, the BIST reset
control circuit 7 detects the test completion signal (BIST-
_DONE signal 10 1s 1n an “H” level) that the memory BIST
circuit 2 automatically generates, performs the BIST reset
again, and then makes the BIST test into an endless loop.
Incidentally, the memory BIST circuit 2 has a test comple-
tion judgment circuit (not shown). The test completion
judgment circuit generates a test completion signal (BIST-
_DONE signal 10 1s 1n an “H” level) after the execution
completion of the test pattern which has been internally
programmed 1n advance as described above.

As described above, when 1n the burn-in test mode, once
the memory BIST circuit 2 1s mitiated, the test can be
continuously performed during a certain period without the
control from an external source.

FIG. 2 shows a circuit configuration of the BIST reset
control circuit 7, reference numeral 17 represents the BIS-
T_RST signal, reference numeral 10 represents the BIST-
_DONE signal, reference numeral 12 represents the
BI_MODE signal, reference numeral 13 represents the CLK
signal, reference numeral 28 represents a D flip-tlop (delay
Flip-Flop) circuit, and reference numeral 29 represents a
2-input AND circuit which supplies a NBIST_RST signal 30
that 1s an inversion signal of the BIST_RST and a burn-in
mode 1nverting reset signal (NBI_RST signal) 31, and
produces the INTBIST_RST signal 11.

Hereinafter, description will be made of the operation of
the BIST reset control circuit 7 configured as above.

In the circuit configuration described above, switching
operation modes 1s performed by the BI_MODE signal 12.
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First, when the BI_MODE signal 12 stays in an “L” level
(low-level), namely the burn-in mode 1s set to an invalid
mode, since an mput signal to the D flip-flop circuit 28
becomes an “L” level, the NBI_RST signal 31 1s fixed to an
“H” level (high-level). For this reason, the BIST_RST signal
17 1s transmitted as the INTBIST_RST signal 11 as 1t 1s, so
that only the BIST reset by the external control becomes
valid.

When the BI_ MODE signal 12 stays 1 an “H” level,
namely the burn-in mode is set to a valid mode, although the
BIST_DONE signal 10 1s 1n an “L” level during BIST test
execution, “H” level data 1s transmitted to the D thip-tlop
circuit 28 when the BIST_DONE signal 10 becomes an “H”
level 1 response to the BIST test completion, and the
NBI_RST signal 31 becomes an “L” level after four clocks.
In addition, in response to the signal, the INTBIST_RST
signal 11 becomes an “H” level, and a reset signal of the
memory BIST circuit 2 1s generated. Herein, the burn-in test
result monitor selection signal (BI_RESULT) 27 1s 1n an “L”
level. Moreover, the BIST_RST signal 17 1s 1n an “L” level,
and the NBIST_RST signal 30 which 1s the inversion signal
thereol and supplied to the AND circuit 29 1s an “H” level.

FIG. 3 1s a timing chart when the burn-in mode 1s set to
a valid mode. Reference numeral T1 represents a BIST test
execution period, reference numeral T2 represents an auto-
matic BIST reset period, and reference numeral T3 repre-
sents a re-BIST test execution period. Reference numeral T4
represents a burn-in test result monitor period.

In the BIST test execution period T1, since the BIST-
_DONE signal 10 for showing the BIST test completion 1s
in an “L” level, the NBI_RST signal 31 1s 1n an “H” level,
the NBIST_RST signal 30 1s 1n an “H” level (BIST_RST
signal 17 1s 1n an “L” level), and the INTBIST_RST signal
11 1s 1n an “L” level.

In the automatic BIST reset period 12, when the BIST-
_DONE signal 10 becomes an “H” level 1n response to the
BIST test completion, the NBI_RST signal 31 becomes an
“L” level after four clocks according to the circuit configu-
ration shown 1n FIG. 2. Further, 1n response to the signal, the
INTBIST_RST signal 11 becomes an “H” level, and a reset
signal of the memory BIST circuit 2 1s generated. The
memory BIST circuit 2 1s therefore reset, and the BIST-
_DONE signal 10 of the BIST test completion signal 1s also
reset to an “L” level. Then, 1 response to the INTBIS-
T_RST signal 11 becoming in an “L” level, the memory
BIST reset operation 1s released, and the BIST test operation
1s started again (re-BIST test execution period T3).

In the burn-in test result monitor period T4, the INTBIS-
T_RST signal 11 keeps maintaining an “L” level even when
the BIST_DONE signal 10 of the BIST test completion flag
becomes an “H” level by making the BI_RESULT signal 27
in an “H” level, so that the memory BIST circuit 2 1s not
reset, and a loop operation of the memory BIST circuit 2 1s
released. Therefore, a pass/fail judgment of the memory can
be performed by monitoring the BIST_GO signal 9 of the
memory pass/fail judgment signal after the BIST _DONE
signal 10 of the BIST test completion flag changes to an “H”
level.

According to this embodiment, when 1n the burn-in mode,
alter the test start of the memory macro 1 by means of the
memory BIST circuit 2, the BIST test completion flag 1s
generated (BIST_DONE signal 10 1s in an “H” level) 1n
response to the BIST test completion, and the reset of the
memory BIST circuit 2 1s performed as mentioned above. In
order that the memory BIST circuit 2 may start the test of the
memory macro 1 again by this reset, 1t 1s possible to
continuously perform the test of the memory macro 1
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without a reset control from the external source. In other
words, once the memory BIST circuit 2 1s mitiated, the
burn-in test for continuously performing the test during a
certain period by the memory BIST circuit 2 without the
reset control from the external source can be achieved. Thus,
the burn-in test can be achieved without the reset control
from the external source by means of utilizing the memory
BIST circuit 2, thereby making it possible to reduce the
number of circuits for burn-in test inside the memory, and to
achieve a reduction 1n a chip area.

Moreover, during execution of the continuous test of the
memory macro 1 in the burn-1in test, the BI_ RESULT signal
27 1s made 1 an “H” level and the reset operation of the
memory BIST circuit 2 1s invalidated by the BIST reset
control circuit 7 for only an arbitrary period, so that it returns
to a normal memory BIST circuit operation such as the test
execution of the memory macro 1 and the pass/fail judgment
for the memory, thereby making 1t possible to perform the
pass/fail judgment of the memory macro 1 in the burn-in
test. In addition, the BI_RESULT signal 27 1s made 1n an
“L” level again, and the reset operation of the memory BIST
circuit 2 by the BIST reset control circuit 7 1s validated, so
that returning to the continuous test operation of the memory
macro 1 becomes possible, thereby making 1t possible to
monitor the pass/fail judgment of the memory macro 1 for
every arbitrary period.

(Second Embodiment)

FIG. 4 1s a block diagram of a semiconductor integrated
circuit device 1n accordance with a second embodiment of
the present invention. This semiconductor mtegrated circuit
device has a configuration in which a plurality of memory
macros (in the drawing, four memory macros are shown)
and one memory BIST circuit are mounted. Incidentally, 1n
FIG. 4, the same reference numerals are given to the same

components and signal lines as those 1n FIG. 1 and descrip-
tion thereof will be omitted.

In FIG. 4, reference numerals 1A through 1D represent

memory macros with the same address configuration and
input/output data bit width, reference numeral 37 represents
a signal of two highest-order bits (BIST_ADR [n:n-1] (n 1s
a natural number)) of an address (BIST generation address)
that the memory BIST circuit 2 generates, reference numeral
47 represents a signal of the BIST generation address
(BIST_ADR [n-2:0]) other than the BIST_ADR [n:n-1]
signal 37. Each memory macro has a configuration in which
cach memory address i1s controlled by the BIST_ADR
[n—-2:0] signal 47, reference numeral 36 represents a decode
circuit for decoding the BIST_ADR [n:n-1] signal 37,
reference numerals 39A through 39D represent memory
macro selection signals (MEM_CS signal) for selecting the
memory macro with a signal which decodes the BIST_ADR
[n:n-1] signal 37 by the decode circuit 36, and a data bus 38
1s shareable for an output data signal 25 of each of the
memory macros 1A through 1D.

Incidentally, although not shown in FI1G. 4, the BIST reset
control circuit 7 similar to that shown 1n FIG. 1 1s comprised.
Moreover, similar to FIG. 1, the BIST_EN signal 8 and the
INTBIST_RST signal 11 from the BIST reset control circuit
7 are supplied to the memory BIST circuit 2, and the
BIST_GO signal 9 and the BIST_DONE signal 10 are
produced from the memory BIST circuit 2. The same
BIST_EN signal 8 1s supplied to each selector 26 as a control
signal, and external mput signals of the EXT_ADR signal
(14), the EX'T_CMD signal (15), and the EX'T_DIN signal
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supplied other than three output signals from the memory
BIST circuit 2 shown as a selected nput.

Heremaftter, description will be made of the operation of
the semiconductor integrated circuit device configured as
above.

When 1n a normal memory macro control operation, as
similar to the first embodiment, the memory BIST circuit 2
1s set to an invalid state, and each selector 26 selects an
external mput signal (not shown) required for each of the
memory macros 1A through 1D.

When 1n a normal BIST test and a burn-in test, as similar
to the first embodiment, the memory BIST circuit 2 1s set to
a valid state, and each selector 26 1s controlled so as to select
the output (47) of the memory address generation circuit 3,
the output of the memory control signal generation circuit 4,
or the output of the data pattern generation circuit 5. The
BIST_ADR [n:n-1] signal 37 of a high-order address pro-
duced from the memory address generation circuit 3 1s
decoded by the decode circuit 36, and either of the signals
of MEM_CS signals 39A through 39D 1s produced. A
memory macro 1s selected according to the produced
MEM_CS signals 39A through 39D. Herein, 1n the case of
BIST_ADR [n:n-1]=00b, for example, MEM_CS signal
39A 1s produced by the decode circuit 36 (at thus time,
MEM_CS signal 39 A1s 1n an “H” level, and other MEM_CS
signals 398 through 39D are in an “L” level, for example).
The memory macro 1A 1s made 1n a selection state by the
MEM_CS signal 39A, and the BIST test 1s executed only to
the memory macro 1A. Herein, that the memory macro 1A
becomes 1n a selection state means the MEM_CS signal 39A
becomes an “H” level, and also means that the memory
macro 1A considers that a command signal and an address
signal are “valid” to thereby transmit the signal to the mside
of the macro, and the operation of the memory macro 1A
becomes possible. In the meanwhile, the signal transmission
to the inside of the macro 1s mterrupted because the com-
mand signal and the address signal become “invalid”, so that
the memory macros 1B through 1D whose MEM_CS signals
are 1n an “L” level do not perform a macro operation. In the
normal BIST test and the burn-in test, other settings (con-
trols) to each memory macro are similar to those of the first
embodiment.

According to this embodiment, besides obtaining the
similar eflect to that of the first embodiment, when a
plurality of memory macros with the same address configu-
ration and input/output data bit width are mounted, one
memory BIST generation circuit 2 1s mounted, and an upper
address of an output address of the memory address gen-
eration circuit 3 1s assigned to the MEM_CS signals 39A
through 39D which are the memory macro selection signals,
so that the memory address generation circuit 3 of the
memory BIST circuit 2 can be shareable for respective
memory macros. Since the data bus 38 1s also shareable for
the output data signals of respective memory macros, the
memory pass/fail judgment circuit 6 of the memory BIST
circuit 2 can be shareable. Further, the control signal gen-
eration circuit 4 1 the memory BIST circuit 2, the data
pattern generation circuit 5, and the test completion judg-
ment circuit which 1s not shown are also shareable. There-
fore, 1t 1s not necessary to prepare the memory address
generation circuit, the memory pass/fail judgment circuit, or
the like for every memory macro, thereby making 1t possible
to contribute to a reduction 1n a chip area.

(Third Embodiment)

FIG. 5 1s a block diagram of a semiconductor integrated
circuit device 1n accordance with a third embodiment of the
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present invention. This semiconductor integrated circuit
device has a configuration in which a plurality of memory
macros (in the drawing, two memory macros are shown) and
one memory BIST circuit are mounted. Incidentally, in FIG.
5, the same reference numerals are given to the same
components and signal lines as those 1n FIG. 4 and descrip-
tion thereot will be omitted.

In FIG. 5, reference numeral 1E represents a memory
macro having an input data EDIN [m:0] and an output data
EDOUT [m:0] with a bit width (m+1), and reference
numeral 1F represents a memory macro having an input data
DIN [1:0] and an output data DOUT [1:0] with a bit width
(1+1) (I<m; 1 and m are natural numbers). Incidentally, the
number of addresses of the memory macro 1E 1s the same as
that of the memory macro 1F.

Reference numeral 40 represents a data compression
circuit which performs a data compression of the EDOUT
[m:0] signal, which 1s the output data of the memory macro
1E, to adjust to a data width of the input data DOUT [1:0] of
the pass/fail judgment circuit 6 1n the memory BIST circuit
2, reference numeral 41 represents a signal connecting block
which bundles signal lines so as to adjust the output data
DIN [1:0] generated from the data pattern generation circuit
5 1n the memory BIST circuit 2 into a data width of the
EDIN [m:0] which 1s the input data of the memory macro
1E, reference numeral 42 represents the DOUT [1:0] signal
whose data width 1s compressed by the data compression
circuit 40, and reference numeral 43 represents the EDIN
[m:0] signal whose data width 1s expanded by the signal
connecting block 41.

Moreover, the data widths of the data pattern generation
circuit 5 and the pass/fail judgment circuit 6 of the memory
BIST circuit 2 are set to [1:0].

Hereinafter, description will be made of the operation of
the semiconductor integrated circuit device configured as
above. Incidentally, 1n this embodiment, a bit width of the
input data and the output data of the memory macro 1E 1is
different from a data width of the data pattern generation
circuit 3 and the pass/fail judgment circuit 6 of the memory
BIST circuit 2, and for that reason, the configuration of this
embodiment 1s similar to that of the second embodiment
except being provided with the data compression circuit 40
and the signal connecting block 41, so that heremafter,
description will be made mainly of the operation of the
components different from those of the second embodiment.

A selection of the memory macros 1E and 1F by the
memory BIST circuit 2 during testing 1s performed by an
upper address of the address generation circuit 3 of the
memory BIST circuit 2 as shown 1n the second embodiment.
Since the input/output data width of the memory macro 1F
and the data width of the memory BIST circuit 2 are the
same, the data width of memory macro 1F 1s not needed to
be cared in particular. In the meanwhile, the output data from
the memory macro 1E 1s adjusted to the data width, which
the pass/fail judgment circuit 6 of the memory BIST circuit
2 manages, by the data compression circuit 40. The 1nput
data to the memory macro 1E 1s also adjusted to the data
width [m:0] from the data width [1:0] of the data pattern
generation circuit 5 of the memory BIST circuit 2 by the
signal connecting block 41.

FIG. 6 shows an example of a data compression logic in
the data compression circuit 40, and a logical table when an
output data width of 4 bits 1s compressed to an output data
width of 2 bits 1s shown, here. Herein, 1t 1s supposed that
cach 1mput/output data value 1s ALL “1” or ALL “0” 1n the
burn-in test of the memory. In other words, as the data
expected value, ALL “1” or ALL “0” 1s “pass”, and the data
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expected value except that becomes “fail”. According to this
logical table, when outputs except ALL “1” or ALL “0”
appear, the compression output data DOUT produces “01”
or “10”. Therefore, when this compression output data
DOUT 1s compared with the expected value by the memory
pass/fail judgment circuit 6 of the memory BIST circuit 2,
the result shows “fail”, so that test quality 1s not degraded
due to performing data compression under a test condition
described above.

FIG. 7 shows an example of a signal connection of the
signal connecting block 41, and an example where the
above-mentioned data width [1:0] 1s set to [15:0], and data
width [m:0] 1s set to [31:0] 1s shown here. The DIN [15:0]
1s the output data signal from the data pattern generation
circuit 5 of the memory BIST circuit 2, and the EDIN [31:0]
1s the input data signal to the memory macro 1E. In addition,
the DIN signal and the EDIN signal short-circuit two signal
lines of the EDIN signal, and one signal line of the DIN
signal 1s connected thereto. By making the signal connection
described above, the expansion of the output data bit width
can be achieved.

According to this embodiment, even when the mput/
output data bit widths of a plurality of memory macros are
different, the similar eflect to that of the second embodiment
can be obtained by arranging the data compression circuit 40
and the signal connecting block 41.

(Forth Embodiment)

FIG. 8 1s a block diagram of a semiconductor integrated
circuit device i accordance with a fourth embodiment of the
present 1nvention. This semiconductor integrated circuit
device has a configuration in which a plurality of memory
macros (1n the drawing, two memory macros 1G and 1H are
shown) each having different memory configuration (the
number of addresses, the number of data bits, memory types,
or the like) and memory BIST circuits 2A and 2B which
correspond to each memory macro are mounted. Inciden-
tally, 1n FIG. 8, the same reference numerals are given to like
components and signal lines of those 1n FIG. 1 and descrip-
tion thereol will be omatted.

In FIG. 8, reference numeral 44 represents an AND circuit
which produces an “H” level when both of the memory
BIST test completion signal (BIST_DONE signal) 10A of
the memory BIST circuit 2A and the BIST_DONE signal
10B of the memory BIST circuit 2B are i an “H” level,
reference numeral 46 represents a selector which selects
either an output signal of the AND circuit 44 or a BIST-
_DONE signal 10 (10A, 10B) of each memory BIST circuit
to transier to the BIST reset control circuit 7, and reference
numeral 45 represents a signal (BI_SEL signal) which
switches burn-in operation modes by the selector 46.

Heremaftter, description will be made of the operation of
the semiconductor integrated circuit device configured as
above. Incidentally, 1n this embodiment, a configuration of
the memory macro 1G, the selector 26, the memory BIST
circuit 2A, and the BIST reset control circuit 7 portion
corresponding thereto 1s basically similar to the configura-
tion shown 1n FIG. 1, although there exist signal lines or the
like which are not shown here, except that the burn-in test
result monitor selection signal (BI_RESULT) 27 1s not
supplied to the BIST reset control circuit 7 as shown 1n FIG.
1, and an output of the selector 46 instead of the BIST-
_DONE signal 10 (10A) 1s supplied to the BIST reset control
circuit 7. The BI_RESULT signal 27 1s made in an “H” level
during execution of the continuous test of the memory
macro in the burn-in test, thereby making 1t possible to
obtain the effect 1n first embodiment except that the pass/fail
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judgment of the memory macro becomes possible. The
configuring of the memory macro 1H, the selector 26, the
memory BIST circuit 2B, and the BIST reset control circuit
7 portion corresponding thereto, and the effect thereol are
the same. Incidentally, in this embodiment, the BI_RESULT
signal 27 1s not supplied to the BIST reset control circuit 7,
but the output of the selector 46 1s supplied thereto, so that
the BIST reset control circuit 7 can be configured such that,
for example in the configuration i FIG. 2, the mnverter
circuit 32 and the AND circuit 33 are omitted, and the output
signal of the selector 46 1s supplied to the AND circuit 34.
Heremaftter, description will be made mainly of the opera-
tion of the components which characterizes this embodiment
and are different from those of the first embodiment, and
also of the eflect thereof.

In the burn-in test mode by the memory BIST circuit 2A

and 2B (both of the BIST_EN signal 8 and the BI_MODE
51gnal 12 are 1n an “H” level), when the BI_SEL signal 45
1s 1n an “H” level, the output signal of the AND circuit 44
given by a logical product of the BIST_DONE signals 10A
and 10B 1s selected by each selector 46 as a signal to each
BIST reset control circuit 7.

Thus, since the memory macros 1G and 1H have different
memory configurations, generation timings of the BIST-

_DONE signals 10A and 10B of each memory BIST circuit

2A and 2B are not the same, but the reset of the BIST circuit
of each memory macro will not be performed until all tests
by the memory BIST circuit 2A and 2B are completed.

Therelfore, considering from a viewpoint of a stress time
to memory cells, since dynamic stress to the memory cells
becomes the same among respective memory macros, the
burn-in test without the necessity of changing a burn-in
applying time according to a memory capacity can be
achieved by the memory BIST circuit even in a manufacture
process where a stress degradation of the memory cell 1s
dominant.

Next, when the BI_SEL signal 45 1s 1n an “L” level, the
BIST_DONE signals 10A and 10B of each of the memory
BIST circuits 2A and 2B are selected by each selector 46. In
this case, 1 response to a generation of the BIST_DONE
signal 10 (*“H” level) of each of the memory BIST circuits
2A and 2B, the corresponding BIST reset control circuit 7
generates the BIST reset signal 11, and the reset 1s performed
for every each of the memory BIST circuit 2A and 2B. That
1s, each of the memory BIST circuits 2A and 2B 1s reset
individually according to the BIST_DONE signals 10A and
10B that both produce, respectively, and 1s not dependent on
the BIST_DONE signal of other memory BIST circuits.

Therefore, when transistor degradation of the logic sec-
tion 1s a major factor 1n the burn-in test, the burn-in circuit
where each memory macro operates continuously can be
achieved.

Incidentally, a configuration 1n which the output signal of
the AND circuit 44 instead of the output of the selector 46
1s directly supplied to each BIST reset control circuit 7
without arranging each selector 46 and supplying the
BI_SEL signal 45 either may also be possible.

What 1s claimed 1s:
1. A semiconductor mtegrated circuit device comprising:
a plurality of selectable memory sections comprising:

a first memory section having a minimum 1nput/output
data bit width of n bits (n a positive integer), and
a second memory section having a bit width of m baits
(m a positive integer greater than n);
a data width expansion circuit that converts an n-bit data
pattern to an m-bit data pattern;
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a data width reduction circuit that converts an m-bit data

pattern to an n-bit data pattern;

a memory seli-test circuit that tests a selected one of the

memory sections, the memory self-test circuit compris-

ng:

an address generation circuit that generates an address
of the memory sections, the generated address deter-
mimng which of the memory sections 1s selected,

a data pattern generation circuit that generates a data
pattern,

a control signal generation circuit that generates a
memory control signal for controlling: (a) a data
writing operation of writing first test data to the
selected memory section at the generated address
and (b) a data reading operation of reading the stored
first test data from the selected memory section at the
generated address,

a pass/faill judgment circuit that compares expected
value data corresponding to the generated data pat-
tern with second test data so as to determine that the
selected memory section 1s non-defective when the
compared data coincide and determine that the
selected memory section 1s defective when the com-
pared data do not coincide, and

a test completion judgment circuit that determines
completion of the memory test; and

a reset circuit that resets the memory seli-test circuit 1n

response to a completion determination of the memory
test by the test completion judgment circuit, wherein:

when the first memory section 1s selected:

the generated data pattern 1s stored 1n the selected
memory section as the first test data, and

the stored first test data read from the selected memory
section 1s supplied to the pass/fail judgment circuit as
the second test data for comparison with the
expected value data; and

when the second memory section 1s selected:

the data width expansion circuit converts the n-bit
generated data pattern to an m-bit data pattern that 1s
stored 1n the selected memory section as the first test
data, and

the data width reduction circuit converts the stored
m-bit first test data read from the selected memory
section to an n-bit data pattern that 1s supplied to the
pass/fail judgment circuit as the second test data for
comparison with the expected value data.

2. A semiconductor mtegrated circuit device comprising:
a plurality of memory sections;
a plurality of memory seli-test circuits that each tests a

different corresponding one of the memory sections,

cach memory seli-test circuit comprising:

an address generation circuit that generates an address
of the corresponding memory section,

a data pattern generation circuit that generates a data
pattern,

control signal generation circuit that generates a
memory control signal for controlling: (a) a data writ-
ing operation of writing the generated data pattern to
the corresponding memory section at the generated
address and (b) a data reading operation of reading the
generated and stored data pattern from the correspond-
ing memory section at the generated address,

a pass/faill judgment circuit that compares expected
value data corresponding to the generated data pat-
tern with the read data pattern so as to determine that
the corresponding memory section 1s non-defective
when the compared data coincide and determine that
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the corresponding memory section 1s defective when a pass/fail judgment circuit that compares expected
the compared data do not coincide, and value data corresponding to the generated data pat-
a test completion judgment circuit that determines tern with the read data pattern so as to determine that
completion ot the memory test for the corresponding the corresponding memory section 1s non-defective
memory section; D when the compared data coincide and determine that
an all memory test completion detection circuit that the corresponding memory section is defective when

produces a detection signal when all of the test comple- the compared data do not coincide, and
tion judgment circuits determine the completion of
theirr memory tests; and

a plurality of reset circuits that each resets a correspond- 10
ing one ol the memory seli-test circuits 1n response to

a test completion judgment circuit that indicates
completion of the memory test for the corresponding
memory section with a memory section test comple-

the detection signal provided by the all memory test tion signal;

completion detection circuit. an all memory test completion detection circuit that
3. A semiconductor integrated circuit device comprising: produces a detection signal when all of the test comple-
a plurality of memory sections; 15 tion judgment circuits determine the completion of
a plurality of memory seli-test circuits that each tests a their memory tests;

different corresponding one of the memory sections,
cach memory seli-test circuit comprising:
an address generation circuit that generates an address

a plurality of reset circuits that each resets a correspond-
ing one of the memory seli-test circuits; and

a switching circuit that provides as a reset signal to each

of the corresponding memory section, 20 F 1h L _— h 4
a data pattern generation circuit that generates a data of the reset circulls either: (a) the corresponding
pattern memory section test completion signal or (b) the detec-

tion signal provided by the all memory test completion
detection circuit in accordance with an external control
signal, wherein

a control signal generation circuit that generates a
memory control signal for controlling: (a) a data
writing operation of writing the generated data pat- 25

tern to the corresponding memory section at the each reset circuit resets the corresponding memory self-
generated address and (b) a data reading operation of test circuit in response to the reset signal provided by
reading the generated and stored data pattern from the switching circuit.

the corresponding memory section at the generated
address, £ % % % %
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